So many flocculation tests have been developed during the last few years that the time appears ripe to attempt a critical review of the mechanism and usefulness of some of the more popular procedures. Although many of these tests were developed primarily in relation to liver disease, where they are of proved value, it is generally recognized that they are not all specific in this respect. There is no doubt, however, that they can throw useful light on the qualitative and quantitative changes in the pattern of the circulating proteins in disease. Earlier work in this field was recently reviewed by one of us (Maclagan, 1948 ) and the present paper deals with more recent contributions.
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Mechanism of the Tests The mechanism of the tests can best be discussed in relation to the factors known to affect protein solubility. These will be discussed under the following headings: H ion concentration (pH) and salt concentration and ionic pattern (of the environment); protein concentration; modification of polar or non-polar protein groups. Table I compares six commonly used flocculation tests with regard to these factors.
It will be recalled that Hardy in 1905 pointed out that the globulins in particular tended to be insoluble near the acid side of their iso-electric point. If we accept Kekwick's (1940) figure of 6.58 as the iso-electric point of y-globulin it will be seen that Popper's flocculation test using ammonium sulphate is particularly adjusted to precipitate y-globulin. In view of the high salt concentration employed (2.0 M) this test may probably be regarded as a modification of the ordinary salting out procedures.
In contrast to this the molarity of the zinc sulphate test is pitched so low (0.001 M) that, although, as Kunkel (1947) (Kunkel, 1947) .. saturated solution of pure glycine in distilled water. As a control to the two systems a third tube of the original 1 % y-globulin solution was diluted with two volumes of distilled water. The three systems were examined periodically over 48 hours at 200 C. Flocculation occurred in the first tube within five minutes followed by precipitation in two hours, and at the end of two hours the third, control, tube was slightly opalescent, the second tube containing the glycine remaining clear and unchanged over the whole period of the observation. The glycine has a stability constant with Zn of 9.2 as measured in the laboratory where this test was carried out (Perkins, 1952) which compares closely with the published figure of 9.3 of Albert (1950) . Zn has a higher coordinating capacity than either ferric or ferrous iron, iron being the only metal likely to be present in the system capable of forming co-ordinating complexes.
Our interpretation of this simple experiment is that at the concentration described the glycine forms a soluble co-ordination complex with the Zn ions available which are not therefore available to co-ordinate with the y-globulin, the stability constant of which is probably much lower than glycine.
While the only unassailable evidence would be the isolation and characterization of the zinc globulin complex we do believe that this experiment is extremely suggestive, especially when taken in conjunction with Lewin's (1951) work on the crystallization of the metallic salts of albumin.
The colloidal gold test presumably depends upon a similar mechanism as it operates at a similar pH and ionic strength (0.01 M). It will be shown later that the gold and zinc sulphate tests are strongly correlated with each other.
The mechanism of the thymol test appears to be more complex. Unlike the other tests considered there is little correlation with total serum globulin (see below). Maclagan and Bunn (1947) demonstrated that in this test turbidity only occurs in the presence of phospholipid. This would normally be contributed by the 8-globulin fraction, but the addition of cephalin was an effective substitute. (This may explain the observations of Cohen and Thompson (1947) that the ,8-globulin which is rich in phospholipid is partially carried down in the thymol precipitate.) In the presence of cephalin y-globulin was the only fraction that produced turbidity.
Maclagan and Bunn also showed that albumin inhibited the reaction and that hepatitis albumin was a less effective inhibitor than normal albumin. Martin (1948 Martin ( , 1949 , studying the inhibitory effect of crystalline human and bovine albumin on the thymol reaction, confirmed these findings and stressed particularly the differences between normal and hepatitis albumin. These qualitative changes in the albumin fraction are evidently of the greatest significance in this test. Martin also described an unusual type of y globulin showing spontaneous precipitation during electrophoresis and giving positive flocculation tests when added to normal serum. It remained to study the effect of albumin administered in vivo. Table II shows the results of five such experiments and indicates the important part that normal albumin plays in preventing abnormal thymol flocculation, for in every instance the intravenous administration of albumin produced a fall in the intensity of the thymol reaction. The other flocculation tests were similarly affected but to a smaller extent. Even more striking is a serial study carried out on a patient with extensive liver necrosis who received a single transfusion of serum albumin (Fig. 1) .
The base line in Fig. 1 , 100%, represents the levels estimated at three-day intervals over seven days before the intravenous administration of 60 g. of albumin dissolved in 300 ml. of 0.15 molar saline. Subsequent levels were estimated at the completion of the transfusion, 18 hours after and 48 hours after, and thereafter at the intervals shown on the chart. Fig. 1 shows that, 20 days after transfusion, the flocculation tests were all within the limits of the base line, and that in the interval between the levels were reduced to a varying extent; the ammonium sulphate test least, the zinc sulphate test next, and the thymol test to the greatest extent for the greatest period of time. It is noteworthy that the depression of the thymol test corresponded roughly to the expected time of survival of a significant amount of the infused albumin.
The complexity of factors involved in the thymol test will be recognized from the above discussion, but it is evident that qualitative and quantitative changes in the albumin and y-globulin fractions are the most important items.
Less work appears to have been done on the mechanism of the cadmium sulphate and Takata-Ara tests. of each test with total serum globulin and with the albumin/globulin ratio was also examined.
The material used in this study is shown in Table III and includes all cases seen under the relevant headings with certain exceptions. Thus 298 miscellaneous cases (i.e. cases other than hepatitis or obstructive jaundice) in which every test was negative are excluded, and in addition 52 cases in which the diagnosis was uncertain and 14 cases of multiple myelomatosis were excluded. The last was necessary since it had previously been shown that there was a special tendency to dissociation between the tests in this condition (Earle, Martin, and Maclagan, 1951) . This point will be further discussed in the next section.
The following list gives the methods used: The turbidity units for all tests are based on diluted normal serum treated with salicylsulphonic acid as described by Maclagan (1947) . They are therefore not identical with the units proposed by the authors of the zinc sulphate and ammonium sulphate turbidity tests. The normal limits were those obtained with a group of 30 normal subjects.
The serum protein estimations were made by the micro-Kjeldahl method, using a Markham (1942) all-glass distillation apparatus. The globulin was precipitated with The results of this work are shown in Table IV , two typical correlation diagrams being illustrated in Figs. 2 and 3 . Owing to the fact that different numbers of cases have been employed in some correlations as compared with others, the standard errors will be seen to vary somewhat, but as a rough guide it may be taken that any pair of correlation coefficients differing by more than 0.1 are probably statistically different. For O=obstructive jaundice; e=miscellaneous. Correlation coefficient O050±0±069. It will be seen from Table IV that it has been possible to arrange the tests in the following order: albumin/globulin ratio, total serum globulin, ammonium sulphate turbidity, zinc sulphate turbidity, serum colloidal gold reaction, thymol turbidity and flocculation, which expresses the tendency of the tests to correlate with one another. Thus the tests appearing close together in this list are more strongly correlated than those which are more widely separated. This is illustrated by the gradation of correlation coefficients as one proceeds across or down the table.
It is also evident that there is a tendency for the tests to be arranged in three groups: (1) thymol turbidity and flocculation; (2) gold and zinc sulphate; and (3) ammonium sulphate and total serum globulin. The correlation within each group is much closer than that between the groups, and group 2 occupies an intermediate position between groups 1 and 3 as shown by the higher correlation between groups 1 and 2 and between groups 2 and 3 as opposed to the lower correlation between groups 1 and 3. The albumin/globulin ratio occupies a position rather outside these three groups as it shows a weak correlation with a few of the tests only. correlation between the thymol tests and the albumin/globulin ratio as compared with the serum globulin is somewhat surprising. Although it is not statistically significant for each individual test, this general trend appears to be quite clear. The explanation may probably lie in the variation in the extent of the qualitative changes in the albumin from one serum to another. These qualitative changes are not of necessity mirrored in the albumin/globulin ratio. It is interesting that the order of tests obtained by this study of correlation is almost identical with the order indicating the probability of obtaining positive results in myelomatosis (see below). The relationships outlined here are not unexpected in view of the different mechanisms of the tests referred to above. Thus, the ammonium sulphate test and the total globulin estimation are operating in high salt concentration, the gold and zinc sulphate tests probably depend upon some specific interaction with metallic cations at low ionic strength, whereas the thymol test evidently depends upon some entirely different mechanism.
Myelomatosis
Whereas in a case of hepatitis most of the different flocculation tests are usually either positive or negative, in a case of myelomatosis it is frequently found that some tests are strongly positive while others are completely negative (Earle, Martin, and Maclagan, 1951) .
We have collected some further evidence on this point and the results of the various tests in our total series of cases of plasmacytoma are shown in Table V . It will be seen that this confirms our previous finding of the marked tendency to dissociation between the tests in this disease, a dissociation which exceeds that seen in any other condition. It was also found that the tests could be arranged in a definite order corresponding to the probability of obtaining positive results. This is the order shown in the table and is total serum globulin, albumin/globulin ratio, group.bmj.com on October 29, 2017 -Published by http://jcp.bmj.com/ Downloaded from ammonium sulphate turbidity, zinc sulphate turbidity, serum colloidal gold reaction, thymol turbidity, and flocculation. The tests at the beginning of this list are more likely to be positive than those at the end, and in our small series we have so far encountered no case of myeloma showing the converse of this. If, for example, the zinc sulphate test is negative the gold and thymol are negative, whereas if the thymol test is positive all the other tests are positive. It is interesting that this order of tests is the same as that given by the study of correlation coefficients in non-myeloma cases reported above, with the exception of the total globulin and albumin/globulin ratio which are in the reverse order in the two lists.
The most frequent finding in myelomatosis appears to be a high globulin with low albumin/globulin ratio and strongly positive ammonium sulphate and zinc sulphate, the remaining tests being negative. It will be seen from Table IV that a degree of dissociation sufficiently striking for diagnostic purposes was found in 12 out of 14 cases, the two exceptions being Case 2 (all results normal) and Case 10 (all results abnormal). In our opinion this type of dissociation is a valuable diagnostic pointer in myelomatosis as we have not seen it in any other disease.
Summary
The fundamental factors contributing to a number of flocculation tests have been reviewed and the degree of correlation of one test with another has been examined. Evidence is produced to show that on this basis the flocculation tests which we have studied may be grouped into three main families. The tests within each group are closely correlated, but the correlation between groups is less close.
(1) Tests, such as the ammonium sulphate, which may be regarded primarily as modifications of the classical salting out procedures; (2) the colloidal gold and zinc sulphate tests in which the formation of a metallic complex is the probable fundamental mechanism; (3) tests, such as the thymol test, in which complex formation of a more complicated nature is concerned, probably involving a protein-protein linkage.
The advantage of using a battery of tests is stressed, particularly in the case of myelomatosis in which there is a special and perhaps unique tendency to dissociation between the tests.
